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Evaluation of Allowable Criteria in First-Passage Probability Method for Caisson

Sliding of Vertical Breakwater
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Abstract : Probabilistic design methods can consider uncertainties of design variables and are widely used in the
design of vertical breakwaters. The probabilistic design methods include a partial safety factor method, reliability-
based design method, and performance-based design method. Especially the performance-based design method
calculates the accumulated sliding distance during the lifetime of the breakwater or during a design storm. Recently
a time-dependent performance-based design method has been developed based on the first-passage probability of
individual sliding distance during a design storm. However, because the allowable criteria in the first-passage
probability method are not established, the stability of structures cannot be quantitatively evaluated. In this study,
the allowable first-passage probabilities for two limit states are proposed by calculating the first-passage probabili-
ties for the cross-sections designed with various water depths and characteristics of extreme wave height
distributions. The allowable first-passage probabilities are proposed as 5% and 1%, respectively, for the repairable
limit state (allowable individual sliding distance of 0.03 m) and ultimate limit state (allowable individual sliding
distance of 0.1 m). The proposed criteria are applied to the evaluation of the effect of wave-height increase due to
climate change on the stability of the breakwater.

Keywords : vertical breakwater, first-passage probability method, allowable first-passage probability, probabilistic
design method
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Table 1. Allowable expected sliding distance during lifetime of
breakwater by Takahashi et al. (2001)
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Importance of structure Expected sliding distance (m)

High 0.03
Ordinary 0.30
Low 1.00

Table 2. Allowable expected sliding distance of different storm
events by Takahashi et al. (2001)

Importance of structure for each limit state
(acceptable sliding distance, m)

Wave 0.03 0.10 0.30 1.00

event (Serviceability) (Repairable) (Ultimate) (Collapse)
S-year Ordinary Low - -
50-year - Ordinary Low -
500-year High - Ordinary Low
5000-year - High - Ordinary

Table 3. Allowable exceedance probability of allowable sliding
distance by Shimosako and Tada (2003)

Exceedance probability of allowable sliding

distance
Img‘i;’iiﬁ:: °f " oim 03 m 1.0 m
High 0.5 0.2 0.1
Ordinary 0.3 0.1 0.05
Low 0.15 0.05 0.025
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Table 6. Caisson widths designed by various methods for Case 1
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Table 4. Design wave conditions (unit: m, s)
Case H I, wn Kk A B A Distribution
1 83 140 134 1.0 127 4.65 035 Weibull
2 83 140 1.05 14 042 741 035 Weibull
3 83 140 120 - 0.79 6.06 035 Gumbel

Table 5. Design conditions for all the cases (unit: m, s)

he Ho Hu H L h W d b
12 802 10.85 798 14.0 13.58 10.58 9.08 4.79
16 805 13.28 8.08 14.0 17.58 14.06 12.56 4.85
20 8.07 1332 779 14.0 21.58 17.26 15.76 4.67
24  8.09 1335 7.63 14.0 25.58 2046 18.96 4.58
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Fig. 1. Typical cross-section of vertical breakwater.

S

Safety factor Sy Sg Py
. B(m) S.F. B(m) S, B(m) S B(m)  P{S'>0.1) PSS >03) PLS >1.0)
12 20.83 12 17.50 0.098 1830 0.297 19.10 0.25 0.10 0.03
16 24.02 12 20.20 0.104 21.54 0.304 21.84 0.19 0.10 0.05
20 21.71 12 21.00 0.100 23.30 0.296 23.30 0.14 0.10 0.05
24 20.03 12 20.10 0.102 23.00 0.302 23.00 0.11 0.08 0.05
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Table 7. Caisson widths designed by various methods for Case 2
Safety factor Sg S Py
/. B(m) S.F. B(m) S’ B(m) S B(m)  PAS'>0.1) PLS'>03) PLS >1.0)
12 20.83 1.2 17.50 0.098 20.52 0.301 21.96 0.30 0.05 0.004
16 24.02 1.2 20.20 0.104 23.02 0.304 24.02 0.28 0.10 0.02
20 21.71 1.2 21.00 0.100 23.38 0.302 24.40 0.19 0.10 0.03
24 20.03 1.2 20.10 0.102 22.20 0.303 22.88 0.18 0.10 0.04
Table 8. Caisson widths designed by various methods for Case 3
Safety factor S S Py
st B(m) SFE B(m) S B(m) S B(m)  PyS'>0.1) P«S'>03) PyS >1.0)
12 20.83 1.2 17.50 0.098 18.60 0.302 19.50 0.27 0.10 0.02
16 24.02 1.2 20.20 0.104 21.10 0.299 21.60 0.20 0.10 0.04
20 21.71 1.2 21.00 0.100 22.04 0.295 22.08 0.16 0.10 0.05
24 20.03 1.2 20.10 0.102 21.19 0.302 21.21 0.13 0.10 0.05
Fol Ank. zF & A4 5875 A Sl ks upe} T 0] Zjpol S HolA W AT L] vjo] EAlstar
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Fig. 2. Comparison of caisson widths between the safety factor
method and the probabilistic methods.
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Two dimensionless variables with water depth
B/h,H |h

0.4<B/h<l.4
03<H,/h<0.38

No

v

Mean occurrence rate of caisson sliding

N N, (BY(HY
T T o = —g | — —=
NI, N, '\ h h

w

Coefficients and uncertainty were given by Kim et al.
(2012b) and Kim(2012)

A

Weibull distribution function of individual sliding

distance
BY*(H,)Y
A=a,| — | | == | :scaleparameter
h h
k=0.424 : shape parameter

Coefficients and uncertainties were given by Kim et al.
(2012b) and Kim(2012)

A 4
Conditional first-passage probability

(1| H,) =1-[1= P, 0)exp - [ F(s, )1~ F(s, WA

=1-F(s,)exp( - [ (s, )[1 - F(s,)Ad7
(-0 )

.

First-passage probability

P(t)= [ P,(t| H,)py(H,)dH,
pu~N(H,,0.1H,)

In depth-limited condition, py is used as a truncated normal
distribution with upper limit (0.72/)

Fig. 3. Calculation flow of first-passage probability.
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I, IR, TAIA A F)ellA wAskE tReket B8 t}. Kim et al.(2012b)°] 318532 ARMPATE & A-ellx
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First-passage probability

0 0.1 0.2

. . 0.3
Allowable sliding distance (m)

Fig. 4. First-passage probability versus allowable individual slid-
ing distance in different water depths.
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Table 9. First-passage probability for different allowable sliding distances for Case 1

Design P(t=1000Tm)
h(m B(m H, B/h H /h P (0
method (m) () 70 5,=003m  s,=0.m
12 20.83 7.98 153 0.59 0.053 0.034 0.003
Safety 16 24.02 8.08 137 0.46 0.054 0.020 0.002
factor 20 21.71 7.79 1.01 0.36 0.058 0.052 0.008
24 20.03 7.63 0.78 0.32 0.062 0.093 0.021
Expected 12 17.50 7.98 130 0.59 0.176 0.132 0.018
sliding 16 20.20 8.08 115 0.46 0.177 0.081 0.012
distance
during 20 21.00 7.79 0.97 0.36 0.075 0.068 0.012
design storm 24 20.10 7.63 0.79 0.32 0.060 0.091 0.020
Expected 12 18.30 7.98 135 0.59 0.134 0.091 0.010
sliding 16 21.54 8.08 123 0.46 0.120 0.048 0.006
distance
during 20 23.30 7.79 1.08 0.36 0.033 0.029 0.003
lifetime 24 23.00 7.63 0.90 0.32 0.019 0.039 0.005
12 19.1 . 1.41 . 101 . .
Excoadance 9.10 7.98 0.59 0.10 0.069 0.007
probability 16 21.84 8.08 1.24 0.46 0.109 0.043 0.005
during 20 23.30 7.79 1.08 0.36 0.033 0.030 0.003
lifetime
24 23.00 7.63 0.90 0.32 0.019 0.040 0.005
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Table 10. First-passage probability for different allowable sliding distances for Case 2
) P,(t=1000Tm)
Design method h (m) B (m) H, Bih H /h
s,=0.03 m s,=0.1 m
. 12 20.52 7.98 151 0.59 0.038 0.003
Expected sliding
distance 16 23.02 8.08 131 0.46 0.028 0.003
during 20 23.38 7.79 1.08 0.36 0.029 0.003
lifeti
tetime 24 2220 7.63 0.87 0.32 0.049 0.007
12 21.96 7.98 1.62 0.59 0.021 0.001
Exceedagce}’mbabﬂity 16 24.02 8.08 137 0.46 0.020 0.002
uring
lifetime 20 24.40 7.79 1.13 0.36 0.021 0.002
24 22.88 7.63 0.89 0.32 0.041 0.006
Table 11. First-passage probability for different allowable sliding distances for Case 3
. P,(t=1000Tm)
Design method h (m) B (m) H; Bih H /h
s,=0.03m s,=0.1m
12 18. 9 1. .59 .084 .
Expected sliding 8.60 7.98 37 0.5 0.08 0.009
distance 16 21.10 8.08 1.20 0.46 0.057 0.007
during 20 22.04 7.79 1.02 0.36 0.046 0.007
lifetime 24 21.19 7.63 0.83 0.32 0.065 0.012
12 19.50 7.98 1.44 0.59 0.058 0.006
Exceedagce.pmbabi“ty 16 21.60 8.08 123 0.46 0.047 0.006
uring
lifetime 20 22.08 7.79 1.02 0.36 0.046 0.007
24 2121 7.63 0.83 0.32 0.065 0.012
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Fig. 5. First-passage probability versus water depth for s,=0.03 m: (a) All data, (b) Excluding the data of B/A>1.4.
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Fig. 6. First-passage probability versus water depth for s,= 0.1 m: (a) All data, (b) Excluding the data of B/A>1.4.

Table 12. Allowable first-passage probabilities in the present study

First-passage probability (s,=0.03 m)

Water depth (m)
Excluding the data of B/h>1.4
All data

Repairable limit state

Proposed value

12 16 20 24
0.094 0.043 0.040 0.060
0.066 0.043 0.040 0.060

0.05

First-passage probability (s,=0.1 m)

Water depth (m) 12 16 20 24
Ultimate limit state Excluding the data of B/h> 1.4 0.011 0.005 0.006 0.011
All data 0.007 0.005 0.006 0.011
Proposed value 0.01
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Fig. 7. Temporal variation of first-passage probability due to wave-height increase for the cross-section designed by S.F = 1.2 of Case 1: (a)

h=16m, (b) h=20m.
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